Sheet 1 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/LyB/PJS 



1/50 




101 



FIG. 2 



Sheet 2 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



2/50 



36 




FIG. 3(a) 



Sheet 3 of 50 i 
Applicant: Danek, etal. ! 
Title: CHAMBER FOR CONSTRUCTING A 
FILM ON A SEMICONDUCTOR WAFER 
Docket: 76IC4/CP1/L/B/PJS 

J 

3/50 




34 



34 



20 




FIG. 3(b) 



Sheet 4 of 50 

Applicant: Danek, etal. ! 
Title: CHAMBER FOR CONSTRUCTING A . 
FILM ON A SEMICONDUCTOR WAFER 
Docket: 761C4/CPI/L/B/PJS * 



4/50 




FIG. 4 



Sheet 5 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



5/50 




Sheet 6 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 




Sheet 7 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/17B/PJS 



7/50 




Sheet 8 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 

8/50 




188 

FIG. 8 



Sheet 9 of 50 

Applicant: Danck, et al. ,^^^,r^ a 

TUIe- CHAMBER FOR CONSTRUCTING A 
FILM ON A SEMICONDUCTOR WAFER 
Docket: 761C4/CPiayB/PJS 



9/50 




Sheet 10 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



10/50 




Sheet 11 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



11/50 




Sheet 12 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/UB/PJS 



12/50 




CO 

o 

CM 



Sheet 13 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



13/50 




Sheet 14 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 

14/50 



116 




FIG. 14 



Sheet 15 of 50 

Applicant: Danek, etal. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



15/50 




FIG. 15(c) 



Sheet 16 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 76IC4/CPI/LyB/PJS 



16/50 



00 

o 




Sheet 17 of 50 

Applicant: Danek, etal. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CP1/L/B/PJS 



17/50 




Sheet 18 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



18/50 




FIG. 18 



Sheet 19 of 50 

Applicant: Danek, etal. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 76IC4/CPI/17B/PJS 



19/50 



1400 - 
1200 - 
1000 
YIELD 800 
600 
400 
200 
0 



2.275 MeV 4H0++ 
104.0 DEGREES RBS 




Ti 

23% 



Si 



/ 



0 100 200 300 400 500 
CHANNELS 

—EXPERIMENTAL 



-THEORETICAL 

FIG. 19 



YIELD 



2000 
1500 - - 
1000-- 
500 -- 



0 



100 



2.275 MeV 4Ho++ 
110.3 DEGREES RBS 

Ti- 




500 



200 300 400 
CHANNELS 

-THEORETICAL EXPERIMENTAL 

FIG. 23 



Sheet 20 of 50 

Applicant: Danek, etal. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



20/50 





-cm 
















a 
















STIVITY 




16,000 


81,200 


2,200 


CO 

o 


39,500 




RESI 
















"< 
















CO 
















ICKNES 




O 

o 

I 


o 
o 

I 


o 
o 

CN 


^400 


o 
o 

I 




IHl 














LU 

1 
















TABI 














Q 




DESCRIPTION 






Q 
LU 
Q 
Q 
< 

CNJ 

JO 


Q 
LU 
Q 
Q 
< 

CO 
LL 


Q 
LU 
Q 
Q 
< 

CO 

U. 

X 


LU 
Q 
Q 
< 

CM 
CM 

X 

LU 
X 

IE 




'^MPLE 




NTROL 


o 


02 


03 


04 








CO 











Sheet 21 of 50 

Applicant: Danek, etal. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



21/50 





-cm 
























ISTIVITY, 




13,500 


15,500 


16,500 




RESI 
























ICKNESS, 




O 
O 

I 


o 
o 

I 


o 
o 
to 

I 




IHi 










LU 

1 












TABI 


DESCRIPTION 




1— 
CO 

O 

LU 

a: 
< 

CO 

< 

-J 
a. 

CM 


\— 

CO 

O 

Q_ 
LU 

a: 
< 

CO 

< 

-J 

CM 


NF3 FLOW PRIOR TO 
DEPOSITION 




UJ 












_i 

Ol 
'> 




C5 


CD 
O 


07 




SAI 











Sheet 22 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



22/50 



CD 



m S2 

Q_ o 



E 
o 
I 

a 



CO 
CO 



CO 
CO 



LU O 
^ LU 

p: cr> 



Od CO 



O 

Q_ 



CO LU 

O ^ 

LU 
I— Q- 



o 

UJ 

en 



CO 
LU 

o 



CO 



CO 

csi 



CO 



CO 
OH 
ZD 

o 



OO 
CO 

LO 
CVJ 



CO 
CSJ 
CO 



CO 
CNJ 
CO 



CSi 
CD 
CO 



CVJ 
OO 



cr> 

LO 

cvT 



LO 



CO 

cz> 

CVI 



CO 
CO 



OO 



CNJ 

<3> 

cnT 



CN4 
CO 



LO 

cnT 



CO 
CO 



CO 
CD 



CO 
CVl 
CXI 



CO 



CD 
LO 



CO 

r — 

CO 



CVJ 
CVJ 



eg 

CM 

d 



CO 
CO 
CO 



LO 
CVI 



CO 
CO 
CO 



LO 
CVI 



o 
or 



o 



X 



CVI 

>< 



CO 

X* 



LO 

>< 



CO 

>< 



X 



OO 

x: 



Sheet 23 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CP1/L/B/PJS 



23/50 



IOO.Ot 



90.0 + 
80.0- 
70.0 



OXYGEN 

TITANIUM 

NITROGEN 

SILICON 

CARBON 




100 200 



300 400 500 
SPUHER DEPTH (A) 

FIG. 24 



Sheet 24 of 50 

Applicant: Danek, etal. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/LyB/PJS 



24/50 











05 


CO 






o 




od 


o 

CsJ 


CO 


Csj 
























o 


CO 


OO 




CM 




cvi 

CO 


o 

CVJ 


cvi 

CO 


csi 

CsJ 


> 














LU 

1 














TABI 
















CM 

o 




oq 
ai 


17.2 


CNJ 

od 


14.3 


















DEPTH, 




CsJ 


OO 
OO 


CO 


CO 
ID 



Sheet 25 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/LyB/PJS 



25/50 



< 




Sheet 26 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 76IC4/CPI/L/B/PJS 



26/50 



100 



90 — 



80 — 



* — OXYGEN 
■e — TITANIUM 
— NITROGEN 
SILICON 
CARBON 





0 100 200 300 400 500 600 700 

SPUTTER DEPTH ( A ) 

FIG. 27 



800 900 1000 



Sheet 27 of 50 

Applicant: Danek, et al, ' 
Title: CHAMBER FOR CONSTRUCTING A j 
FILM ON A SEMICONDUCTOR WAFER I 
Docket: 761C4/CPI/LyB/PJS 



27/50 



< 

3 




Sheet 28 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 76IC4/CPI/L/B/PJS 



28/50 



100 



90 - 



80 - 



ai 

O 70 - 

UJ 
0. 



Q 60 - 



^ — OXYGEN 
■e — TITANIUM 
-4 — NITROGEN 

— SILICON 

— CARBON 





0 100 200 300 400 500 600 700 

SPUTTER DEPTH ( A ) 



800 900 



FIG. 29 



Sheet 29 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



29/50 



< 




Sheet 30 of 50 
Applicant: Danek, et al. 

lu^. ^^^^^ CONSTRUCTING A 
FILM ON A SEMICONDUCTOR WAFER 
Docket: 761C4/CPIA7B/PJS 



30/50 




FIG. 31 



Sheet 31 of 50 
Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A | 
FILM ON A SEMICONDUCTOR WAFER ' 
Docket: 761C4/CPI/L/B/PJS 



31/50 



TABLE V 


CONTROL 


3.48 X 10^2 cm'^ 


EXAMPLE 7 


3.96 X 10^2 


EXAMPLE 8 


3.94 X 10^2 cm"^ 



FIG. 32 



800 -r 



342 



E 
o 



9 700 -- 



> 
I- 

CO 
lU 



600 -- 



500 



0 



340 



+ 



2X 100A 
4X50A 



2 4 6 

NUMBER OF DAYS EXPOSED 



8 



FIG. 36 



Sheet 32 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPIA7B/PJS 



32/50 




Sheet 33 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



33/50 




3/(3)>l 



Sheet 34 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/LyB/PJS 

34/50 



I I I I I I I I I I I I I I I I I I I j § 




3/(3)>l 



Sheet 35 of 50 

Applicant: Danek, etal. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



35/50 




3/(3)>l 



Sheet 36 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



36/50 



LU 
O 

z 

CO 

liJ 
on 

< 

> 



2.5" 



1.5 



1 - 



0.5 







CVD TiN DEP ONLY 
~3200pO-cm ^^^-^Z^ 


324 

( 


r-i 


PLASMA TREATED CVD TiN ^ 
~950ijO-cm ^ 


- PVD TiN CONTROL ~° 

1 1 -1 



322 



320 



50 too 150 

CVD TIN THICKNESS ( A ) 

FIG. 35A 



200 




FIG. 35B 



Sheet 37 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 

37/50 



E 
o 



> 

I- 
co 

CO 
UJ 

a: 



10000 X 
9000 
8000- 
7000 - 
6000 
5000 
4000 + 
3000 
2000-- 
1000 -- 
0 




RESISTIVITY 
DC BIAS 



0 500 1000 1500 

PROCESS PRESSURE DURING PLASMA TREATMENT ( 

FIG. 37 



8O0 

--7O0 

--6O0 

5O0 

4O0 

--3O0 

--2O0 

+ 100 

0 
2000 

mTorr ) 



CO 

I- 
_i 

o 
> 

LU 
CD 

_i 
O 
> 
CO 

< 

CO 

o 

Q 



E 
o 



> 

h- 
co 

CO 
LU 



1800 
1600 
1400 

1200 
1000 





^^ 1 X 200A 




^^""^"■■^^--^^^ 366 




TARGET RESISTIVITY 


362 

360 1 ^tD- 


2X 100A 


\ "^-^-^ 4X50A 
A-L_^fc • 

50A + 6X25A 


364 


1 1 h- 


1 1 



10 20 30 40 50 60 

TIME FOR PLASMA TREATMENT { SECONDS ) 



FIG. 38A 



Sheet 38 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTnsJG A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 

38/50 



O 



> 




( ujo- uri) AllAllSIS3y 



Sheet 39 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



39/50 



h- 

o 

CD 
O 




o 


O 


o 


o 


o 


o 


O 


O 


o 


O 


o 


o 


CD 


CD 


CD 


CD 


05 


00 




CO 


If) 




CO 


CM 



o 

CD 



O 
CD 



% NoiiVdiN30NO0 omon 



O 
CD 




CO 

CO 



o 


O 


O 


o 


O 


o 


o 


o 


o 


o 


CD 
C3^ 


CD 
OO 


CD 


CD 
CO 


CD 

in 


o 


CD 
CO 


CD 


CD 


CD 



% N0liVdlN30N00 OII/\IOiV 



Sheet 40 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 

40/50 




O 

o 



Sheet 41 of 50 

Applicant: Danek,etal. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/IVB/PJS 



41/50 




Sheet 42 of 50 

Applicant: Danek, etal. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 

42/50 





NOI 
























CARBON 
CONCENTRATI 




OO 


CNJ 






10.5 






12.3 






NOI 
























OXYGEN 
CONCENTRATI 




CM 


10.8 






ai 






10.5 




TABLE VI 


RESISTIVITY 
AGING @ 50 HOURS 




11-12 


00 
1 






CO 






CNI 
1 






2x100 
RESISTIVITY 


E 

o 

a 

13. 


570 - 630 


450-500 


440-480 


540-600 




GAS 


CM 
X 

CM 
2 


CM 

X 

2 


CM 


CM 
X 
CM 


+ 


X 

CM 


CM 
X 
CM 


+ 2* + 


CM 
CM 



Sheet 43 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 76IC4/CPI/L/B/PJS 



43/50 



CO 
CO 

CD 

UL 



o 




ooooocJooooc) 

OC3500h-CDin"«*COCMT- 



% NOIlVyiN30NO0 OII/\IOiV 



Sheet 44 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



44/50 




% N0liVdiN30N00 0II/\I01V 



Sheet 45 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 76IC4/CPI/L/B/PJS 



45/50 



Its 

- LJJ 
CO IJ- 

CO 



2q 



CO <i: 
c75 5 

- CO 



CO 



o 

LU ;< 

CO CO 



CO 
CO 



o 



LU 

a: 



UJ 
CO 



OvJ 



o 

CO 



s e 

X 
o 



LU 



CO 



O 



CO 



O 
CO 



CO 
CNJ 



CO X 

o 
o 



o 

CO 



CO 
CO 



o 
•< X 
o O 

o 
o 

LU 
CO 

<=> 
CM 



O 
CO 



CD 

to 

CNJ 



o 

CD O 

o 
o 

UJ 
CO 

<=> 

CNJ 



CO 

o 

CL 
UJ 
Q 

CO 
CO 

LU 

> 

CD 



Z) 

co 



< 
a: 

LU 

I- 
o 
< 

< 

X 

o 



LU 
O 

ct: 

LU 
CL 

O 

o 

< 



CO 

o 

CL 

o 
o 



> E 

P V 

CO 

UJ ^ 



UJ 



< 
CO 



LU 

CD ^ 
O X 

a: 3 

Q 

>- 



o — 

O CO 
CO 



lO 



UJ 

CD — 



CO 

c\i 

LO 



CJ> 



CsJ 

iri 

CO 



CO 
CM 



o 

CNJ 

to 

I 



o 
o 

CM 
I 



Q 
UJ 



3 
I- 

co 
z: 
O 

o 

_J 

CO 



Q 
UJ 

bz 2 

CO O 

O CO 
Q- 1= 



Sheet 46 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 76IC4/CPI/L/B/PJS 



46/50 

o 

o 




CD LO ^ CO CM 



% NOIiVdlN30NO0 OIIAIOiV 



Sheet 47 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



47/50 

o 

o 




% N0limN30N03 0II/\I01V 



Sheet 48 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



48/50 




CD 
CO 



00 





f 




q: 


o 




ZD 






CO 






CO 
LU 


ON 


ZD 


q: 


o 

















LU 




O 


CD 


ai 


CO 


ZD 


LU 
Ql 


SO 




rrf S 

CO ^ 



CD 
CO 



ING 


ENT 






FA 


LEI 




UJ 



CD 
CO 



CO 
<C 



CNJ 
lO 



Sheet 49 of 50 

Applicant; Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 76IC4/CPI/L/B/PJS 



49/50 



{ START ) 



700 



DEPOSITION 



701 



ANNEALING 



702 



YES 



704 




NO 



703 



OXIDATION 




YES 



706 



705 



SILICON 
STUFFING 



YES 




NO 



(DONE) 



FIG. 49 



Sheet 50 of 50 

Applicant: Danek, et al. 

Title: CHAMBER FOR CONSTRUCTING A 

FILM ON A SEMICONDUCTOR WAFER 

Docket: 761C4/CPI/L/B/PJS 



50/50 



(^START^ 




705 



701 



YES 




SILICON STUFFING 








ANNEALING 



YES 



704 



OXIDATION 




NO 



706 



FIG. 50 




